ABSTRACT The aim of the present study was to monitor selected parameters of mucosal immunity in jejunum and ileum (immunoglobulin A [IgA], mucin 2 [MUC-2], and pro-inflammatory cytokines) in commercial broiler farm chicken after treatment with flubendazole (Flimabend R ) and natural extract from chestnut wood (Farmatan R ). A total of 24 forty-dayold Kalimero-Super Master hybrid chickens were divided into 4 groups (n = 6): the Fli group received Flimabend R per os, 100 mg/g suspension in 1.43 mg of active substance/kg body weight during 7 d of experiment; the Far group received Farmatan R per os at 0.2% concentration for 6 h/d during 5 d (experimental d 3 to 7); the Far + Fli group received a combination of doses administered in the same way as for the first two groups; and the C group represented control with no active substance administration. The concentrations of secretory IgA (sIgA) and MUC-2 and relative expression of selected immune parameters were evaluated. Our results show strong suppressive effect of the Farmatan R and Flimabend R combination on relative expression of IL-1β and IL-18 in selected parts of the intestine. On the other hand, administration of natural extract from selected chestnut wood (Farmatan R ) increased expression of total IgA as well as concentration of sIgA in the studied parts of the chicken intestine. Moreover, expression and concentration of MUC-2 was positively affected by addition of Farmatan R . In contrast, 7-d administration of Flimabend R resulted in upregulation of pro-inflammatory cytokines and decrease in IgA and MUC-2 gene expression. In conclusion, for maintenance of mucosal immunity via activation of IgA and mucin production, the long-term preventive use of Farmatan R is a suitable choice.
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INTRODUCTION
Parasites such as Ascaridia, Heterakis, and Capillaria spp. in the late phase of their cycle penetrate the mucosa causing hemorrhages, then return to the lumen and reach maturity. In many cases, maturation of larval stages can be hampered by adult worm numbers, thereby increasing the time larval stages remain in the intestine, which continue to cause damage to the mucosal surface (Velkers et al., 2011; Sharma et al., 2018) .
For dehelmintization of animals, drugs such as benzimidazoles are commonly used. Nowadays, this group of drugs can include albendazole, fenbendazole, and flubendazole. Flimabend 1H-benzimidazole-2-y1]-carbamic acid methyl ester) belongs to the class of synthetic anthelmintic compounds-benzimidazole carbamates. The main anti-parasitic mode of action of benzimidazole carbamates is to impair tubulin polymerization into microtubules, thereby disrupting microtubule-based processes, which contributes to the death of the parasite (Vandenberge et al., 2012; Roach et al., 2016; Vinaud and Ruy De Souza, 2017) .
Flubendazole after per os administration is slowly dissolved in the gastrointestinal tract and the result is slow distribution and weak absorption. Routinely, the drug is administered for 7 d. On the other hand, more data provide evidence that long-term anthelmintic treatment may be accompanied by an increase in various allergic diseases, and a wide range of unpleasant side effects occur, including nausea and other gastrointestinal manifestations, fever, and neurological effects (Cooper et al., 2006; Conder, 2010) . In addition, flubendazole has been found to be developmentally toxic in rodents, producing various malformations (Iyer and Makris, 2010) .
For this reason, it is very important to maintain gut homeostasis with adequate production of secretory immunoglobulin A (sIgA) and mucins. sIgA serves as the first line of defense in protecting the intestinal mucous membranes. Mucus consists of glycoproteins called mucins that are secreted by goblet cells and functions primarily to lubricate the epithelium and, therefore, protect it from damage by harmful pathogenic microorganisms. Moreover, recent studies have observed that mucin 2 (MUC-2) and goblet cells play an important role in immune functions for gut homeostasis, such as antigen sampling and immunotolerance (Cornick et al., 2015; Hu et al., 2017) .
In agreement with this observation, it is very important to protect the mucosal surface of the gut during anthelmintic treatment. Moreover, nowadays there is increasing interest in the use of alternative methods for reducing chemical treatments in the prevention and control of parasitic infections (Torres-Acosta and Hoste, 2008) . Farmatan R is a natural extract from selected chestnut wood (Castanea sativa Miller), from the Fagaceae family. The primary component parts of Farmatan R are water-soluble vegetable polyphenols-tannins, which assure better administration and absorption of nutrients (Hooge et al., 2012) . Tannins can have potent direct anthelmintic effects ( Williams et al., 2014) , which are manifested in impairment of nematode larval development and viability (Hoste et al., 2011; Hidalgo et al., 2016) . In addition, tannins have varying antiinflammatory actions (Sugiura et al., 2013; Park et al., 2014) and also antioxidant activity (Gonçalves et al., 2005; Souza et al., 2007; Qaisrani et al., 2014) .
The practice of prolonged administration of flubendazole and its potential interaction with natural chestnut wood extract in the digestive tract of chickens prompted us to study important immune parameters for maintenance of mucosal immunity of jejunum and ileum (IgA, MUC-2, and pro-inflammatory cytokines) in a commercial broiler farm. To the best of our knowledge, no study regarding this issue has been published so far.
MATERIALS AND METHODS

Experimental Design
The experiment was conducted in a commercial broiler chicken fattening farm and the animals were handled and sacrificed in a humane manner. Twentyfour chickens 40-d old of the Kalimero-Super Master hybrid were included in the trial. The chickens were weighed, labeled, and randomly divided into 4 groups of 6 chickens each (n = 6): Fli group (Flimabend R ), Far group (Farmatan R ), Far + Fli group (Farmatan R + Flimabend R ), and C group (control). The chicken groups were separated from each other with wooden barriers.
The birds had free access to feed and water. Their diet corresponded to the commercial diet for broiler chickens referred to in feeding norms for poultry in Slovakia (Decree No. 440/2006 Coll. 
Flush Protocol
The caudal parts of the duodenum and jejunum were excised, and 5 ml of warm flush solution (1 M Tris/glycine buffer with 0.25% Tween 20, pH 7.00, Sigma Aldrich, USA) was injected into the intestinal lumen with a syringe. The solution was aspirated and injected several times to flush the secretions from the intestine wall, and then the contents were collected in the syringe and expelled into a tube. The intestinal flushes were centrifuged for 5 min at 12,000× g (Hettich Rotina 420R Centrifuge, DJB Labcare, UK), and the supernatants from each sample were frozen at -20
• C until the ELISA assay procedure.
ELISA
For detection of total sIgA in duodenal and jejunal flushes, we used a chicken IgA ELISA kit (Kamiya Biomedical Company, USA). Ninety-six-well microtiter plates were coated with affinity purified anti-chicken IgA antibody. After incubation of the microtiter plates (22
• C, 20 min), the contents of the wells were aspirated and washed 3 times with wash solution (ELISA kit component). The samples were diluted 1:5 in 1× diluent solution (ELISA kit component) and added in 100 μl doses into pre-designated wells in duplicates. Then 100 μl of diluted enzyme-antibody conjugate binding with horseradish peroxidase in stabilizing buffer was applied into the plate wells, and incubated at 22
• C for 20 (± 2) min. After incubation, each plate was washed and 100 μl of 3,3,5,5 tetramethylbenzidine substrate solution was added into each well. The reaction was stopped with 100 μl of stop solution and absorbance was measured spectroscopically at 450 nm on a microplate reader (Revelation Quicklink, Opsys MR, Dynex technologies, USA).
For detection of total MUC-2, we used a chicken MUC-2 ELISA kit. Ninety-six-well microtiter plates were coated with affinity purified anti-chicken MUC-2 antibody. After incubation, each plate was washed, and 50 μl of substrate solution was added into each well. The samples were diluted 1:5 in PBS (pH 7, 0-7, 2) and added in 100 μl doses into pre-designated wells in duplicates. Then, 10 μl of balance solution and 50 μl of conjugate binding with horseradish peroxidase in stabilizing buffer was applied into the plate wells, and incubated at 37
• C for 1 h. The reaction was stopped with 50 μl of stop solution, the plates were incubated at 37
• C for 10 to 15 min, and then absorbance was measured spectroscopically at 450 nm on a microplate reader.
Interpretation was done using a calibration curve prepared according to the manufacturer's protocol.
Homogenization of Tissue and Isolation of
Total RNA of Cytokines, IgA, and MUC-2
Tissue samples (caudal parts of duodenum and jejunum) were cut into 20 mg pieces, immediately placed in RNAlater solution (Qiagen, UK) and stored at -70
• C prior to RNA purification. A single tissue fragment was transferred into 1 ml of TRI Reagent (Molecular Research Center, USA), and homogenized using zirconium silica beads (BioSpec Products, USA) in a MagNA Lyser (Roche, Switzerland). To separate the phases, 50 μl of 4-bromanisole (Molecular Research Center, USA) was added. The whole content of the tube was centrifuged and the upper aqueous phase was collected for total RNA purification using an RNeasy mini kit (Qiagen, UK) following the manufacturer's instructions. A TURBO DNA-free kit (Ambion, USA) was used for the treatment of RNA samples to remove genomic DNA. Both the purity and concentration of RNA were determined spectrophotometrically on a NanoDrop 2000c device (Thermo Scientific, USA), and 1 μg of the total RNA was immediately reverse transcribed using a Maxima First Strand cDNA Synthesis Kit (Thermo Scientific, USA). Resulting cDNA was 10× diluted in UltraPure TM DNase/RNase-Free Distilled Water (Invitrogen, USA) and used as a template in real-time PCR (RT-PCR), or stored at −20
• C until used.
Relative Expression of Cytokines, IgA, and MUC-2 in Quantitative RT-PCR
The mRNA levels of cytokines (IL-1β and IL-18), IgA, and MUC-2 were determined. In addition, mRNA relative expression of reference gene coding glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was determined and used for data normalization. The primer sequences used for quantitative RT-PCR are listed in Table 1 . All primer sets allowed DNA amplification efficiencies between 94% and 100%.
Amplification and detection of specific products were performed using the CFX96 real-time system (Bio-Rad, USA) and Maxima SYBR Green qPCR Master Mix (Thermo Scientific, USA). Subsequent quantitative RT-PCR to detect expression of mRNA for chicken immune proteins was carried out over 35 cycles at the appropriate annealing temperature for each pair of primers (Table 1) . A melting curve from 50
• C to 95
• C with readings at every 0.5
• C was produced for each individual RT-PCR plate. Each sample was subjected to RT-PCR in duplicate, and mean values of duplicates were used for subsequent analysis. We also confirmed that the efficiency of amplification of each target gene (including GAPDH) was essentially 100% in the exponential phase of the reaction, where the quantification cycle (Cq) was calculated. The Cq values of the genes studied were normalized to an average Cq value of the reference gene (ΔCq), and the relative expression of each gene was calculated as 2 -ΔCq . These expression levels were then used for comparative data analysis.
Statistical Analysis
Statistical analysis of data was done using one-way ANOVA with Tukey's post-test using Minitab 16 software (SC&C Partner, Brno, Czech Republic). Differences between the mean values for different treatment groups were considered statistically significant at P < 0.05, P < 0.01, and P < 0.001. Values in the table are given as means with standard deviation (± SD). In like manner, concentration of MUC-2 (ng/mL) in the intestinal flush from the jejunum was increased in the Far group compared to the C group (P < 0.001). Conversely, concentration of MUC-2 (ng/mL) in the duodenum was highest in the Far + Fli group (Figure 2) .
RESULTS
Concentration
Relative mRNA expression of IgA in the duodenum was upregulated mainly in the Far group compared to the C group (P < 0.05), Fli group (P < 0.01), and Far + Fli group (P < 0.001) (Figure 3) .
Relative mRNA expression of MUC-2 in both parts of the intestine was highest in the Far group compared to the other groups (P < 0.05; P < 0.01; P < 0.001) (Figure 4) . Interestingly, the opposite tendency was recorded in the relative mRNA expression of both proinflammatory cytokines (IL-1β and IL-18), which was markedly upregulated for IL-18 in the Fli group compared to the other groups (P < 0.05; P < 0.01; P < 0.001) in both parts of the intestine (Figure 5 ). Moreover, relative mRNA expression of IL-1β in the duodenum was highest in the Fli group compared to the control group (P < 0.001), the Far group (P < 0.05), and the Far + Fli group (P < 0.001). Relative mRNA expression of IL-1β in the jejunum was significantly upregulated in the Fli group compared to the other groups (P < 0.001) (Figure 6 ).
On the other hand, relative mRNA expression of both pro-inflammatory cytokines (IL-1β and IL-18) was downregulated in the combined group (Far + Fli) in both parts of the intestine (Figures 5 and 6) . 
DISCUSSION
The manipulation of gut functions and microbial composition of domestic animals using feed additives has been considered as an important tool for improving feed efficiency as well as growth performance and health. The removal of antibiotic growth promoters from feed usually reduces feed efficiency, resulting in increased susceptibility of animals to pathogens (Hughes et al., 2005) .
Our results reveal that administration of natural extract from selected chestnut wood (Farmatan R ) increased expression of total IgA as well as concentration of sIgA in the studied parts of the chicken intestine. Importantly, IgA is accepted as a protective molecule in the gut, where it binds to bacteria or gut-dwelling parasites, performing its strategic function as an initial barrier to infection (Kouguchi et al., 2013; Lilburn and Loeffler, 2015) . We suppose that addition of chestnut wood can help to create a suitable environment for limiting parasite growth in the small intestine. Moreover, tannins contain several phenolic groups such as ellagic, gentisic, and gallic acids, which are toxic for many types of parasites (Ndjonka et al., 2014) .
On the other hand, expression and concentration of MUC-2 was increased in the intestine not only in the Far group but also in the combined group. This finding confirms the ability of Farmatan R to stimulate production and excretion of strategic components of gut mucous membrane protection. Moreover, addition of Farmatan R in the combined group increased their production. Taken together, these data indicate how the properties of the mucin barrier can be influenced by dietary components. Even in cases of lack of mucin protection, tannins could help to compensate its function during inflammation (Clinton, 2009) .
Tannins in fact have many anti-inflammatory activities, including modulation of cytokine activation (Terra et al., 2007; Sugiura et al., 2013) . Moreover, in vitro studies have demonstrated that tannins from grapeseed reduce low-grade inflammatory disease by modulating cytokine expression (Terra et al., 2007; Chacón et al., 2009 ). Park et al. (2014) also confirmed the antiinflammatory activity of tannins from black raspberry seed through its ability to inhibit lipopolysaccharideinduced RAW 264.7 cells in producing nitric oxide. In the intestine, the procyanidins in condensed tannins interact with the plasma membrane of cells and inhibit the binding of TNF-α to its receptor, and subsequently decreases nuclear factor κB activation (Erlejman et al., 2008) .
We assume that Farmatan R reduce possible inflammatory reactions in the gut due to the administration of flubendazole. This assumption is based on the fact that we observed strong suppressive effect only in the combination of Farmatan R and Flimabend R on the relative expression of IL-1β and IL-18 in all parts of the intestine. Chauhan et al. (2015) identified flubendazole as a potent autophagy inducer.
Overall, the role of autophagy in maintaining gut function is desirable, and may also play an important role in the regulation of inflammation. There is evidence that Th1 (IL-1, IL-18, and TNF-α) cytokines induce autophagy (Harris, 2011) . For this reason, we were particularly interested in our recording of upregulation of proinflammatory cytokines mainly in the Fli group in the monitored parts of the chicken intestine. However, inflammatory processes can influence the microbial composition of the gut and ultimately support secondary infection. On the other hand, flubendazole is generally considered as a safe anthelmintic drug (Cvilink et al., 2008) .
CONCLUSION
We suggest that a combination of Flimabend R and Farmatan R could be a suitable choice for prevention of helminths. Seven-day administration of Flimabend R alone produced upregulation of pro-inflammatory cytokines and decrease in IgA and MUC-2 gene expression. This condition may increase susceptibility to certain pathogens. On the other hand, for maintenance of mucosal immunity through activation of IgA and mucin production, the long-term preventive use of Farmatan R is also a suitable option.
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